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© Display device. 

© To obtain a monotonic transmission/voltage 
characteristic curve in a reflective display having a 
small twist angle, the polarizer in a cell with crossed 
polarizers (11, 12) is arranged parallel to the dividing 
line of the directions of orientation (23, 24) determin- 
ing the twist angle 4. the cell being optimized for <> 
and d.An. 
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The invention relates to a display device for 
use in reflection, provided with a layer of liquid 
crystalline material between a first transparent sup- 
porting plate having at least one transparent first 
drive electrode and a second supporting plate hav- 
ing at least one controllable picture electrode, said 
layer of liquid crystalline material being switchable 
between two states via electric voltages on the 
picture electrodes, while, dependent on the applied 
electric voltage, the device traverses a range of 
continuously decreasing or increasing values of 
reflection between a first state, in which the mol- 
ecules of the liquid crystalline material have a first 
direction of orientation which is substantially par- 
allel to the supporting plates or extend at a small 
angle to the supporting plates, the direction of 
orientation, viewed across the thickness of the lay- 
er of liquid crystalline material, having a rotation or 
twist and a second state, in which the molecules of 
the liquid crystalline material have a second direc- 
tion of orientation which is substantially perpen- 
dicular to the first direction of orientation, the dif- 
ference in optical path length difference between 
the ordinary and extraordinary wave between the 
two states being substantially 1/2Xo after reflection 
for an incident beam having a centra! wavelength of 
\o. 

The invention also relates to a projection dis- 
play device comprising such a display device. 

A device of the type described in the opening 
paragraph is disclosed in EP 0,377,757. In this 
Application it has been described how an optimum 
reflection is obtained for two specific angles (63° 
and 193°) for a reflective liquid crystal display 
device having a polarizer which is parallel to the 
director of the liquid crystal material at the area of 
the front face, with associated optimal values for 
the optical path length difference d.An (d: thickness 
of the liquid crystal layer. An: difference in refrac- 
tive index between the ordinary and the extraor- 
dinary wave). Notably for the angle of 63' this 
leads to a low value of d.An so that the display 
device will have a small thickness (up to approxi- 
mately 2 am) in practice. Moreover, the device is 
optimized for one wavelength when used between 
parallel polarizers. As a result the light incident on 
the mirror is not always circularly polarized. In a 
wavelength range (500-600 nm) to be used for 
projection display there is thus a variation of the 
transmission in the dark state (at low voltages) up 
to about 4%, which considerably reduces the con- 
trast. 

Moreover, at high voltages, peripheral effects 
occur between the director at the rear wall and 
wave components of the wave to be reflected, thus 
introducing an additional birefringence. 

It is one of the objects of the invention to 
provide a display device of the type described in 



the opening paragraph which substantially does not 
have any residual transmission in the dark state for 
a wide wavelength range as is used for projection 
television, while in the light-transmissive state the 

5 quantity of transmitted light is maximal. 

It is another object of the invention to provide a 
display device of said type with a 
transmission/voltage characteristic whose transmis- 
sion values outside the transition range in the two 

jo extreme states substantially do not vary over a 
large voltage range. This renders a high contrast 
possible and grey scale inversions are prevented. 

To this end, a display device according to the 
invention is characterized in that the device com- 

15 prises a polarizer and an analyzer whose directions 
of polarization cross each other substantially per- 
pendicularly and the polarizer direction is substan- 
tially parallel to the dividing line of the angle deter- 
mined in the first state by the directions of orienta- 

20 Won at the area of the supporting plates, said angle 
having a value of between 50 and 68 degrees and 
the optical path length d.An having a value of 
between 0.58 and 0.68. 

By using the crossed polarizer and analyzer 

25 there is maximum extinction in the range above a 
given drive voltage, which is substantially indepen- 
dent of the wavelength over a wide wavelength 
range (450-600 nm). Due to the choice of the 
polarizer direction along the dividing line of the 

30 angle between the directions of orientation (twist 
angle) it is actually achieved that the interaction 
between incident linearly polarized light and the 
molecules in the first layer is compensated by a 
similar interaction between (eliipticaily or circularly 

35 polarized) light and the molecules at the area of the 
reflecting wall prior to reflection. The same applies 
in a reverse sense to the passage of light after 
reflection. 

By also imposing the requirement that the light 
40 is circularly polarized at the reflection, optimal val- 
ues for the angle <p and for d.An are found. A 
reflective display device satisfying these conditions 
is found to switch from voltage-independent white 
to substantially complete black via a continuous 
45 transition curve and thus has a high contrast. 

The invention will now be described in greater 
detail with reference to an embodiment and the 
drawings in which 

Fig. 1 is a diagrammatic cross-section of a de- 
50 vice- according to the invention; 

Fig. 2 shows the relationship between the direc- 
tions of polarization of the analyzer and the 
polarizer and the directions of orientation; 
Fig. 3 shows the relationship between the 
55 wavelength and the quantity of transmitted light 
for a device according to the invention and for a 
state-of-the-art device; 

Fig. 4 shows the conditions for maximum reflec- 
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tion and maximum light output; 
Fig. 5 shows the relationship between the twist 
angle and the light intensity for the optimal value 
of d.An at 550 nm; 

Fig. 6 shows the relationship between d.An and 
the transmitted quantity of light at 546 nm; 
Fig. 7 shows how the maximum extinction de- 
pends on the twist angle, while 
Fig. 8 shows diagrammatically a projection diss-, 
play device comprising a device according to 
the invention. 
Fig. 1 is a diagrammatic cross-section of a part 
of a display device 1 having a first supporting plate 
2 of, for example, glass. The supporting plate 2 is 
provided with a transparent electrode 3 of indium- 
tin oxide or another suitable material and an ori- 
entation layer 4. The liquid crystal material 5, for 
example, 2LI 84460 is present between the first 
supporting plate and a second supporting plate 6 
which is also made of glass or may consist of a 
semiconductor body. The supporting plates are 
spaced apart by means of spacers (not shown) and 
the assembly is sealed by means of a sealing edge 
10. 

In this example a matrix of pixels consisting of 
reflecting picture electrodes 7 of, for example, alu- 
minium which are also coated with an orientation 
layer 8 are provided on the second supporting 
plate. 

The device of Fig. 1 also comprises a polarizer 
11 and an analyzer 12 whose directions of polariza- 
tion are crossed perpendicularly to each other. 
According to the invention, the direction of polariza- 
tion 21 (Fig. 2) is such that it is located along the 
bisectrix of the twist angle which is determined by 
the angle between the two directions of orientation 
23 and 24 at the side of the first supporting plate 2 
and the second supporting plate 3, respectively. 
This angle is 60'. The direction of polarization 22 
of the analyzer 12 is perpendicular to that of the 
polarizer 11. 

Since the directors 9 of substantially all liquid 
crystal molecules are directed perpendicularly to 
the supporting plates at high electric voltages be- 
tween the electrodes 3, 7, the device is substan- 
tially homeotropic then. Substantially all the po- 
larized light is therefore transmitted without any 
birefringence and obstructed by the analyzer. The 
only birefringence which occurs is that at the inter- 
faces between the orientation layers 4, 8 and the 
adjacent liquid crystal layers because at that area 
the directors 9a, 9b are not directed completely 
perpendicularly to the supporting plates. 

Due to this interaction linearly polarized light 
incident at the direction of polarization 21 acquires 
a slightly elliptical polarization which is diagram- 
matically shown in Fig. 2 by means of the arrow 
25. After passing through the homeotropic part of 



the liquid crystalline material 5 there is a similar 
but opposed interaction at the interface between 
the liquid crystal layer at the area of the substrate 
6 and the orientation layer 8. Due to the choice of 
5 the direction of polarization 21 along the bisectrix 
of the twist angle these interactions substantially 
cancel each other. A similar reasoning applies to 
the influence exerted on the reflected wave by said 
interactions. 

70 Due to this measure it is achieved that the 

residual transmission in the extinguished state is 
substantially negligible over a wide wavelength 
range (460-620 nm). This is further illustrated in 
Fig. 3. Curve 26 shows the residual transmission in 

75 the black state (at a drive voltage of 3.5 Volts) for a 
device according to the invention; the maximum 
transmission is about 1% of that in the transmissive 
state so that a high contrast (about 100:1) is possi- 
ble. A similar curve 27 for a state-of-the-art device 

20 shows that the residual transmission is unaccep- 
tably high. 

To obtain maximum transmission in the device 
of Figs. 1, 2 in the non-driven state (at a drive 
voltage which is lower than a certain threshold), the 

25 total optical path length after reflection should be 
1/2X and the light at the area of the reflecting 
electrodes 7 should be reflected to a maximum 
extent or should be circularly polarized. To this end 
it has been computed for which values of the twist 

30 angle <# and the birefringence d.An at the area of 
the analyzer it holds that d.An = 1/2X (curve 28 in 
Fig. 4) and that maximum reflection occurs at the 
area of the reflector (curve 29 in Fig. 4). The point 
of intersection of the two lines then determines the 

35 optimum conditions, namely <*> = 60 and d.An/X = 
0.625. 

Fig. 5 shows that for the found value of d.An/X 
= 0.625 the angle 4> may vary to some extent so 
that a high transmission is still obtained at a central 
40 wavelength of 550 nm (variations of several per- 
cents of the maximum intensity have less influence 
on the contrast than variations of the residual trans- 
mission). With a choice of about 95% of the maxi- 
mum light intensity, <t> may vary between 50 and 
45 68 degrees. Similarly, it is apparent from Fig. 6 that 
d.An may vary between 0.58 and 0.68. 

Fig. 7 shows the critical form of the mutual 
angle between the direction of polarization 21 and 
the direction of orientation 23 for the devices de- 
so scribed. In the wavelength range of 500-580 nm the 
residual transmission is shown for the device as 
described above (curve 30) in which said angle is 
30* and for otherwise identical devices for which 
this angle is 30° £ 30' (curve 31) and 30 £ r 
55 (curve 32) at a drive voltage of 3.25 Volts. 

Said picture electrodes 7 can be driven elec- 
trically by means of switching elements which are 
realised either on the substrate 6 (glass) or are 
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realised in the substrate when using a semiconduc- 
tor substrate (silicon). 

Fig. 8 shows diagrammatically a projection de- 
vice realised with a device 1 as described in Figs. 
1, 2. 

A lamp 40 (shown diagrammatically) emits a 
light beam which, after having passed the collima- 
tor lenses 41, 42, is incident on a mirror 43 and is 
thereby reflected towards the liquid crystal device 
1 through a small angle with respect to the normal 
48. 

The light reaches the reflecting electrodes 7 
via a planoconvex lens 44, which electrodes deter- 
mine the state of the device 1 (reflective or non- 
reflective) under the influence of drive electronics. 
The information may be, for example, an (adapted) 
TV signal which is shown diagrammatically by 
means of the antenna symbol 47. 

After it has been reflected, the beam leaves the 
device 1 at a small angle with respect to the 
normal 48 and reaches the image plane 46 via the 
planoconvex lens 44 and a second lens 45. This 
plane may coincide, for example, with a projection 
screen. In this case the polarizer and analyzer are 
arranged, for example, between the mirror 43 and 
the planoconvex lens 44 and between the lenses 
44 and 45, respectively. 

For colour display, Fig. 8 shows the arrange- 
ment for one of the three composite colours, for 
example, blue, green and red. The source then 
preferably emits a spectrum having a central 
wavelength which is adapted to the relevant colour. 
The device 1 can of course also be used in com- 
pletely different reflective projection arrangements. 

Claims 

1. A display device for use in reflection, provided 
with a layer of liquid crystalline material be- 
tween a first transparent supporting plate hav- 
ing at least one transparent first drive electrode 
and a second supporting plate having at least 
one controllable picture electrode, said layer of 
liquid crystalline material being switchable be- 
tween two states via electric voltages on the 
picture electrodes, while, dependent on the 
applied electric voltage, the device traverses a 
range of continuously decreasing or increasing 
values of reflection between a first state, in 
which the molecules of the . liquid crystalline 
material have a first direction . of orientation 
which* is substantially parallel to the supporting 
plates or extend at a small angle to the sup- 
porting plates, the direction of orientation, 
viewed across the thickness of the layer of 
liquid crystalline material, having a rotation or 
twist, and a second state, in which the mol- 
ecules of the liquid crystalline material have a 



second direction of orientation which is sub- 
stantially perpendicular to the first direction of 
orientation, the difference in optical path length 
difference between the ordinary and extraor- 

5 dinary wave between the two states being sub- 

stantially l/2\o after reflection for an incident 
beam having a central wavelength of Xo. char- 
acterized in that the device comprises a polar- 
izer and an analyzer whose directions of po- 

io larization cross each other substantially per- 

pendicularly and the polarizer direction is sub- 
stantially parallel to the dividing line of the 
angle determined in the first state by the direc- 
tions of orientation at the area of the support- 

75 ing plates, said angle having a value of be- 

tween 50 and 68 degrees and the optical path 
length d.An having a value of between 0.58 
and 0.68. 

20 2/ A display device as claimed in Claim 1, char- 
acterized in that the substrate comprises pic- 
ture electrodes which can be driven via switch- 
ing elements. 

25 3. A display device as claimed in Claim 1 or 2, 
characterized in that the substrate is a semi- 
conductor substrate. 

4. A projection display device, characterized in 
30 that it comprises at least one light source 

whose light is incident on a display device as 
claimed in any one of the preceding Claims 
and is reflected dependent on the optical state 
of pixels defined by the picture electrodes, the 
35 light thus modulated being imaged via projec- 

tion means. 
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